Demonstration of BACE (beta-secretase) phosphorylation and its interaction with GGA1 in cells by fluorescence-lifetime imaging microscopy.
beta-Secretase (BACE) carries out the first of two proteolysis steps to generate the amyloid-beta peptides that accumulate in the senile plaques in Alzheimer's disease (AD). Because most BACE activity occurs in endosomes, signals regulating its trafficking to these compartments are important to an understanding of AD pathogenesis. A DISLL sequence near the BACE C-terminus mediates binding of BACE to the VHS domains of Golgi-localized gamma-ear-containing ARF-binding (GGA) proteins, which are involved in the sorting of proteins to endosomes. Phosphorylation of the motif's serine residue regulates BACE recycling back to the cell surface from early endosomes and enhances the interaction of BACE with GGA proteins in isolated protein assays. We found that BACE phosphorylation influences BACE-GGA interactions in cells using a new fluorescence-resonance-energy-transfer-based assay of protein proximity, fluorescence lifetime imaging. Although serine-phosphorylated BACE was distributed throughout the cell, interaction of GGA1 with the wild-type protein occurred in juxtanuclear compartments. Pseudo-phosphorylated and non-phosphorylated BACE mutants remained localized with GGA1 in the Golgi body, but the latter mutation diminished the two proteins' FRET signal. Because BACE phosphorylated at serine residues can be identified in human brain, these data suggest that serine phosphorylation of BACE is a physiologically relevant post-translational modification that regulates trafficking in the juxtanuclear compartment by interaction with GGA1.